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(57)Abstract: 

PURPOSE: To concurrently measure a reflected high- 
speed electron beam diffraction image with 
luminescence light by applying the constitution where 
the incident angle of an electron beam incident on 
sample surface becomes equal to or not more than the 
prescribed value. 

CONSTITUTION: A sample 4 is fixed to a sample holder 
2 having a rotary and flap mechanism in a vacuum vessel 
1. An electron beam 8 emitted from an electron gun 6 is 
incident on the surface of the sample 4 at an angle 
nearly in parallel thereto (10 degrees or less). The 
electron beam 8 is diffracted on the surface and a 
diffracted electron beam 8* reaches a phosphor screen 
20. This screen 20 is thereby made luminous. As a 
result, reflected high-speed electron beam diffraction 
measurement can be undertaken about polar surface. 
Also, luminescence light 10 is emitted from the sample 4. 
This light 10 is converged through a lens system 12a and 
reflected with a total reflection mirror 12b. The light 10, 

then, passes a quartz glass window 14 and is taken out of the vessel 1. A spectrograph 16 and 
photo detector 18 are arranged outside the vessel 1 to spectroscopically measure the 
introduced light 10. In this case, a light shielding plate 13 is fitted, so as to prevent the light of 
the screen 20 from being incident on the lens system 12a. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface analysis approach characterized by the incident angle of said electron ray 
which carries out incidence to said sample front face being 10 degrees or less in the 
cathodoluminescence method which measures the luminescence light which irradiates an 
electron ray on a sample front face, and is generated from a sample front face in a vacuum. 
[Claim 2] Surface analysis equipment characterized by having the reflection-high-energy- 
electron-diffraction system of measurement which consists of an electron gun and a fluorescent 
screen in a vacuum, and the cathode luminescence system of measurement which measures the 
luminescence light generated from a sample front face with the electron ray emitted from said 
electron gun. 

[Claim 3] Surface analysis equipment characterized by having consisted of reflection-high- 
energy-electron-diffraction system of measurement which consists of an electron gun and a 
fluorescent screen in a vacuum, and cathode luminescence system of measurement which 
measures the luminescence light generated from a sample front face with the electron ray 
emitted from said electron gun, and forming said electron ray possible [ a scan of on said sample 
front face ]. 

[Claim 4] Surface analysis equipment characterized by having the reflective high-energy- 
electron-diffraction system of measurement which consists of an electron gun and a fluorescent 
screen in a vacuum, the system of measurement which measures the X-ray generated from a 
sample front face with the electron ray emitted from said electron gun, and the cathode 
luminescence system of measurement which measures the luminescence light generated from a 
sample front face with the electron ray emitted from said electron gun. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface analysis approach and surface 
analysis equipment which used the surface analysis of a semi-conductor or a ceramic ingredient, 
especially an electron ray. 
[0002] 

[Description of the Prior Art] Development of the semi-conductor aiming at application for an 
electronic device or an optoelectronics component and a ceramic thin film progresses, and the 
technique which controls the dimension of a thin film by nm size has come to be developed. For 
this reason, especially a surface analysis technique is becoming still more important as a method 
of assaying an ingredient. It must interpret systematically, using various ****s, such as a 
presentation, the crystal structure, an impurity, a defect, and an integrated state, and various 
measurement means as a surface analysis item. 

[0003] There is an approach called a cathodoluminescence method to one of the surface 
analysis method of this. By measuring the luminescence light irradiated and generated on a 
sample front face, and analyzing an electron ray, this approach analyzes the crystal integrity of a 
sample, an impurity, a crystal defect, a distorted place, etc., and is used especially for 
development of a light emitting device as an indispensable approach. In this 
cathodoluminescence method, incidence of the electron ray 8 which was emitted to the front 
face of the sample 4 installed in the interior of a vacuum housing 1 as shown in drawing 7 from 
the electron gun 6, and was accelerated by about 5-20kV is carried out perpendicularly. And the 
luminescence light 10 occurs on the front face of a sample 4 with this electron ray 8. This 
luminescence light 10 was condensed by the condensing mirror 12, and it took out to the 
exterior of said vacuum housing 1, and after carrying out a spectrum with a spectroscope 16, it 
has changed into the electrical signal with the photodetector 18. 

[0004] The crystallinity on the front face of a sample and surface smoothness are very 
important for production of an epitaxial thin film, a superlattice thin film, etc. one of the 
evaluations of the crystal structure on this front face of a pole — reflective high energy electron 
diffraction (it omits Following RHEED) — there is law and it is especially widely used as a spot 
appraisal method by the molecular beam epitaxy. RHEED Law carries out incidence of the 
electron ray 8 which was emitted to the front face of the sample 4 installed in the interior of a 
vacuum housing 1 from the electron gun 6, and was accelerated by about 5-30kV almost 
horizontally, as shown in drawing 8 . And this electron ray starts diffraction on the front face of a 
sample 4. Diffracted electron ray 8' shines a fluorescent screen 20. It is RHEED by photoing this 
with a camera 21. A graphic form can be acquired. 

[0005] moreover, recently — this RHEED RHEED-TRAXS (Reflection high-energy electron 
diffraction-total reflection angle X-ray spectroscopy) which measures the X-ray generated at 
the time of measurement — law was proposed (Shunji Hasegawa etal., Jpn.J.Appl.Phys.24, L387 
(1985).). It is RHEED-TRAXS to drawing 9 . Equipment is shown. In all directions, X-ray 28 
generated by electron beam irradiation is not emitted to homogeneity, but is strongly emitted to 
it on condition that total reflection. Therefore, the detector 30 of an X-ray is attached in the 
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location of total reflection, and has come to be able to perform fine tuning of a location. 
Incidence of the incidence electron ray 8 is carried out at the include angle near the front face 
of a sample 4 almost in parallel, and since it moreover measures X-ray 28 from the surface 
matter at the ejection include angle near a total reflection angle, it can perform analysis of the 
presentation on the front face of a pole. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in said cathodoluminescence method, it 
consists of arrangement in which a high-speed electron ray carries out incidence almost at right 
angles to a sample front face. For this reason, an electron invades deeply from a sample front 
face, and it depends for that depth on the acceleration voltage of an electron ray 8, and is about 
1 -several micrometers. It reaches. For this reason, the fault of being inapplicable is shown in the 
pole surface analysis of nm order, moreover, the conventional RHEED **** — although the 
information on the pole front face of a crystal and the atomic arrangement of number atomic 
layer order can be acquired, information about an impurity or a crystal defect cannot be 
acquired. Furthermore, RHEED-TRAXS Although the pole front face of a crystal, the atomic 
arrangement of number atomic layer order and surface smoothness, and the information on a 
presentation can be acquired in law, information about an impurity or a crystal defect cannot be 
acquired. Then, the technical problem of this invention is a cathodoluminescence method and 
RHEED. Law and RHEED-TRAXS It is in offering the surface analysis approach which the trouble 
of law is solved and can moreover analyze the crystallinity on the front face of a pole of nm 
order, surface smoothness, an impurity, and a crystal defect to coincidence in the same location, 
and surface analysis equipment. 
[0007] 

[Means for Solving the Problem] In order to solve the trouble of said cathodoluminescence 
method, this invention is characterized by ****** constituted so that the incident angle of the 
electron ray which carries out incidence to a sample front face might become 10 degrees or less 
as arrangement for cathode luminescence measurement At a shallow include angle which the 
penetration depth of the electron on the front face of a sample becomes shallow while making 
whenever [ incident angle / of an electron ray ] small, and becomes close by a shave with a 
sample front face especially, a penetration depth can be made extremely shallow with several 
nm. Therefore, the field which luminescence light generates can also be made into a pole surface 
field with a depth of about several nm or less from a front face. Although an electronic 
penetration depth becomes so deep that acceleration of an electron ray is large here, pole 
surface analysis is possible by making said incident angle into several degrees or less in the 
acceleration voltage of about 5-30kV usually used. 

[0008] Said RHEED This invention is RHEED in order to solve the trouble of law. It is 
characterized by measuring to coincidence the luminescence light generated at the time of 
measurement. RHEED Since the electron ray is then used, luminescence light occurs at the time 
of measurement. Moreover, in order to make a sample front face carry out incidence of the 
electron ray close, it hardly trespasses upon the interior of a sample. For this reason, unlike the 
conventional approach, only the signal from a pole front face is included in luminescence light By 
the approach of this invention, it has condensing and the optical system for carrying out a light 
guide for the reflective high-energy-electron-diffraction system of measurement which consists 
of an electron gun and a fluorescent screen in a vacuum housing, and the luminescence light 
generated from a sample front face with the electron ray irradiated from said electron gun, and 
said luminescence light is taken out to the exterior of said vacuum tub according to said optical 
system, and it has the spectroscope and photodetector for measuring said luminescence light to 
the exterior of said vacuum tub, and is RHEED. An image and luminescence light are measured 
to coincidence. 

[0009] Moreover, the luminescence light which is made to scan an ingredient front-face top and 
generates an electron ray with an electron ray in each scanning point is measured, and it is 
RHEED in each scanning point An image is measured. By analyzing these two-dimensional, two- 
dimensional surface analysis becomes possible. The resolution in a perpendicular direction can 
be raised to field inboard, especially an electron ray by extracting an electron ray on a sample 
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front face. 

[0010] Moreover, this invention is said RHEED-TRAXS. In order to solve the trouble of law, it is 
characterized by measuring to coincidence the luminescence light generated at the time of 
RHEED-TRAXS measurement. In order to make a sample front face carry out incidence of the 
electron ray close, it hardly trespasses upon the interior of a sample. For this reason, unlike the 
conventional approach, only the signal from a pole front face is included in luminescence light 
Thus, RHEED An image, an X-ray, and luminescence light are measured to coincidence. 
[0011] 

[Function] As stated above, according to this invention, evaluation of the crystal integrity on the 
front face of a pole below depth nm order, an impurity, a crystal defect, a distorted place, etc. is 
attained by making small the incident angle of the electron ray which carries out incidence to a 
sample front face. Moreover, RHEED By performing measurement and cathode luminescence 
measurement to coincidence, evaluation of not only the crystal structure on the front face of a 
pole but a crystal integrity, an impurity, a crystal defect, a distorted place, etc. is attained. 
Moreover, two-dimensional evaluation is attained by scanning an electron ray. Moreover, in order 
that the electron which carried out incidence almost at right angles to a sample front face by the 
conventional approach might stop kinetic energy at a sample front face by the collision with a 
sample as it is ****, unusual electrification occurred with the insulating ingredient, exact 
measurement was difficult, but since most electron rays are reflected on a sample front face 
according to the approach of this invention, electrification can be reduced sharply. 
[0012] 

[Example] The example of this invention is explained using a drawing. In addition, especially, 
unless it is required, the member number used with the conventional technique shall be used. 
(Example 1) The outline of the surface analysis equipment of the 1st example by this invention is 
shown in drawing 1 . A sample 4 is fixed to rotation of the interior of a vacuum housing 1, and 
the sample electrode holder 2 with a gate device. The electron gun 6 for exciting a sample 4 by 
the electron is attached. The sample 4 and the electron gun 6 are arranged so that incidence of 
the electron ray 8 which came out of the electron gun 6 may be carried out at the shallow 
include angle near the front face of a sample 4 almost in parallel. A sample 4 shines with this 
electron ray 8. The luminescence light 10 generated from the sample 4 on the sample front face 
in a vacuum housing 1 is attached in the condensing mirror 12 of condensing and the paraboloid 
configuration for carrying out a light guide. A lens and a reflective mirror may be combined 
instead of the condensing mirror 12 of said paraboloid configuration. The luminescence light 10 
which condensed passes the quartz-glass aperture 14 of a vacuum housing 1, and is taken out 
besides a vacuum housing 1. the luminescence light 10 by which the spectroscope 16 and the 
photodetector 18 are installed out of the vacuum housing 1, and the light guide was carried out - 
- a spectrum — it measures. 

[0013] In this example, using what vapor^deposited the golden thin film as a sample 4 to the 
sapphire and this which carried out mirror plane finishing, whenever [ incident angle / of an 
electron ray 8 ] was made into about 2 degrees, and the spectrometry of the luminescence light 
10 was performed. The result is shown in drawing 2 and drawing 3 . Drawing 3 shows the 
luminescence spectrum from the sample which vapor-deposited the golden thin film in thickness 
of 5nm and 12nm, respectively on sapphire and sapphire. 326nm A peak very sharp to a near 
strong peak, 692nm, and 694nm, and 737nm The broadcloth peak was observed near, and the 
reinforcement of these peaks became weak rapidly, when the golden vacuum evaporationo film 
was thickened. Moreover, they are 326nm, 694nm, and 737nm to drawing 2 . Although the gold 
film thickness dependency of peak intensity is shown, it turns out that a thickness dependency 
changes with peaks. Thus, luminescence measurement was attained to depth nm order by this 
invention. 

[0014] (Example 2) The block diagram of the surface analysis equipment of the 2nd example by 
this invention is shown in drawing 4 . There is a sample electrode holder 2 with rotation and a 
gate device in the interior of a vacuum housing 1, and a sample 4 is fixed to this sample 
electrode holder 2. The electron gun 6 and the fluorescent screen 20 are attached in the 
location which counters the both sides of a sample 4 on both sides of a sample 4, respectively, 
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and incidence of the electron ray 8 which came out of the electron gun 6 is carried out at the 
shallow include angle near the front face of a sample 4 almost in parallel. The electron ray 8 
which carried out incidence to sample 4 front face is diffracted on a front face, and diffracted 
electron ray 8' reaches a fluorescent screen 20, and shines this. Thereby, it is RHEED. It can 
measure. 

[0015] Moreover, in the vacuum housing 1, lens system 12a for condensing the luminescence 
light 10 generated from a sample 4 and light guide system 12b (in this case, total reflection 
mirror) for taking out this light that condensed to the exterior of a vacuum housing are attached. 
The optical fiber other than a reflective mirror may be used for light guide system 12b. The gobo 
13 is attached so that the light of a screen 20 may not carry out incidence into lens 12a. a 
spectroscope 16 attaches in the exterior of a vacuum housing 1 — having — **** — the 
luminescence light 10 from a sample 4 — a spectrum — it measures. In order to carry out 
incidence of the electron ray 8 almost in parallel with a sample front face, it hardly trespasses 
upon the sample 4 interior. Therefore, the luminescence light 10 generated from a sample 4 is 
limited to a thing from a sample front face. Thus, RHEED on the front face of a pole Moreover, 
cathode luminescence measurement can carry out to coincidence with an image in the same 
location. 

[0016] (Example 3) The block diagram of the surface analysis equipment of the 3rd example by 
this invention is shown in drawing 5 . The basic configuration is the same as the 2nd example. 
For a difference, the electron ray 8 which comes out of an electron gun 6 is several micrometers 
from the diameter of several nm in a sample front face. It is the point which can extract to 
extent and can scan an electron ray 8 two-dimensional on a sample front face. And it is RHEED, 
scanning. The same location is measured to coincidence, cathode luminescence is processed by 
computer 24, and two-dimensional evaluation is performed. For this reason, the controller 22 for 
scanning an electron gun 6 and the computer 24 are attached. Moreover, in order to measure the 
reinforcement of a reflection diffraction electron, the photograph multi-pliers 26 are attached. By 
using the reinforcement of this reflection diffraction electron as a luminance signal, a scan mold 
reflection electron microscope image can be obtained. 

[0017] (Example 4) The block diagram of the surface analysis equipment of the 4th example by 
this invention is shown in drawing 5 . There is a sample electrode holder 2 with rotation and a 
gate device in the interior of a vacuum housing 1, and a sample 4 is fixed to this sample 
electrode holder 2. The electron gun 6 and the fluorescent screen 20 are attached in the 
location which counters the both sides of a sample 4 on both sides of a sample 4, respectively, 
and incidence of the electron ray 8 which came out of the electron gun 6 is carried out at the 
shallow include angle near a sample front face almost in parallel. The electron ray 8 which 
carried out incidence to the sample front face is diffracted on a front face, reaches a fluorescent 
screen 20, and shines this. Thereby, it is RHEED. It can measure. 

[0018] Moreover, characteristic X ray 28 occurs from a sample 4 with an electron ray 8. Since 
incidence of the electron ray 8 is close carried out to a sample front face, an incidence electron 
excites many surface atoms and the reinforcement of the characteristic X ray 28 from a surface 
atom becomes strong. The reinforcement of the characteristic X ray 28 from this surface atom 
is very strong compared with the X-ray microanalysis to which the usual electron ray is made to 
put perpendicular ON. Moreover, characteristic X ray 28 is strongly emitted to homogeneity in a 
certain specific bearing rather than is emitted in all directions. This bearing is in agreement with 
the critical angle of the total reflection over the solid-state front face of characteristic X ray 28. 
X-ray detector 30 (Si (Li) sensing element) is attached in this direction. X-ray 28 excited by the 
electron ray 8 is taken out by the exterior of a vacuum housing 1 through the Be aperture 32 for 
maintaining a vacuum, and incidence necropsy appearance is carried out to X-ray detector 30. 
[0019] Furthermore, in a vacuum housing 1, the luminescence light 10 generated from a sample 4 
is condensed, and the lens system 12 for taking out to the exterior of a vacuum housing 1 is 
attached, the luminescence light 10 from a sample 4 is led to a spectroscope 16 according to a 
lens system 12 — having — a spectrum — it is measured. In order to carry out incidence of the 
electron ray 8 almost in parallel with a sample front face, it hardly trespasses upon the interior 
of a sample 4. Therefore, the luminescence light 10 generated from a sample 4 is limited to a 
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thing from a sample front face. Thus, RHEED on the front face of a pole Moreover, an image, X 
segment light measurement, and cathode luminescence measurement can carry out to 
coincidence by the 1 measurement part Moreover, exact and precise evaluation can be 
performed per sample front face by making a sample front-face top scan an electron ray two- 
dimensional, and performing three kinds per each scanning point of measurement. 
[0020] 

[Effect of the Invention] Since the luminescence light on the front face of a pole can be 
measured according to this invention as explained in full detail above, it becomes possible to 
analyze the impurity on the front face of a pole, and a crystal defect. Moreover, RHEED Since 
cathode luminescence evaluation can moreover carry out to coincidence by the same 
measurement part, evaluation of the surface crystal structure, an impurity, and a crystal defect 
can be performed. Furthermore, since RHEED, cathode luminescence, and X segment light 
measurement can be performed by the same measurement part, in addition to the surface 
crystal structure, an impurity, and a crystal defect, a surface presentation can be evaluated, and 
systematic and reliable surface analysis can be performed. Moreover, according to this invention, 
two or more analytical skill is compound-ized, and simply advanced surface analysis is possible. 



[Translation done.] 
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